Nobel laureates in economics make their most important and creative contributions between the ages of 29 and 38. The average creative age of Nobel economists is slightly below that of laureates in physics, and considerably younger than that of laureates in chemistry and medicine/physiology. The University of Chicago and the US in general has so far turned out to be best breeding ground for original economists. Furthermore, most fundamental work has been written alone and this finding contrasts strongly with the dominant trend in economics where multi-authored papers have become the rule in publishing.
Introduction
Science is a creative and human affair and economic science is no exception to this rule. Discovering how knowledge comes about and is destroyed is not only an interesting pastime for rainy sunday afternoon, it goes right to the heart of discussions on, e.g. endogenous growth, the economic consequences of aging populations, personnel economics, patent races and the philosophy of science. We will not make the mistake of dealing 1 with each and every of these grand issues, but stick to dealing with only one issue, viz. whether age and productivity are related and if so, how important this is. Empirical studies of productivity suggest that even star economists do not escape from the inverted U-shape of lifetime productivity as measured by citations and publications. The tracking down of individual productivity is a difficult question to solve for a number of 2 reasons: lifetime productivity data are only available on a limited basis and the quality of ideas is to some extent a subjective affair. Furthermore, the scientific reward system is of a winner-takes-all nature, hence the praise for ideas and its discoverers is unevenly distributed across the community of scientists. The distribution of attention is highly skewed towards the happy few who either have the gift of the gab or who know how to make an idea 'sing'. Productivity studies are going to be misleading if one does not take account of these 3 idiosyncracies of academia. One way to solve the aforementioned problem is to focus on the superstars of economics who have survived the rat race and track the individual productivity over their lifetime. To some extent they have received the same 'unfair' treatment which the starlets in science so desparately seek. Nobel laureates in economics seem excellent candidates to examine in some detail, for one thing because these eminent scientists belong to a very small elite who dominate the market for basic knowledge.
We start with reviewing some of the old precursors who have examined the question of age-related productivity in some detail and then we go on to see how important age is for scientific productivity among Nobel laureates in economics and what other factors might influence the productivity of economists.
Beard's Law Revisited
The recognition of age as a prime determinant of achievement has firm roots in the history of science. The first to put forward an idea about the relationship between age and productivity was George Miller Beard, a New York physician who collected material from the biographies of "nearly all the greatest names in history" (1874) . He computed the mean age at which these men and women accomplished their most original work, followed their output over time, and derived so a law of the relation between age and original work. Figure 1 reproduces his vision on the productivity-age relationship, with age on one axis and creative output on the other.
Based on his bibliometric efforts he states that "seventy percent of the work of the world is done before fortyfive, and eighty percent before fifty." (Beard, 1881) The productivity curve simply mirrors in his view the process of growth, maturity, and decay of human organism as a whole: the "nervous, muscular, and osseous systems rise, remain and fall together." (p. 249) In his clinical manner he labelled the six decades between twenty and eighty according to their level of productivity: 'brazen', 'golden', 'silver', 'iron', 'tin' and the 'wooden' decade. With equal clinical zest he applied his scheme to worldly affairs when he argued that it was a "barbarian folly" to believe that men were capable of governing others only when "their own brains have begun to degenerate, and the fires of youth have spent half their force." According to his humble opinion he thought that the aging of the work force could explain the "enormous stupidity and backwardness and redtapeism of all departments of government everywhere."
Despite his methodologically sloppy research and his simplistic views on ageing, Beard was the first to investigate the age-productivity relationship. Some would, of course, mark it as a dubious distinction because Beard's law is the first scientific legitimation of reducing human beings to their productive capacities.
Such a translation was something quite unheard of at that time. It would take more than sixty years before the psychologist Lehman (1953) took up the challenge to perform a similar exercise. His massive Beardian exercise covered 170 figures with age-productivity profiles which generally showed that the output among creative scientists for their best work reached a peak during their thirties and then gradually declined. Cole (1979) later went on to note that it matters to take account of the selection process inside academia. The publication productivity of mathematicians remained fairly constant over their lifetime if they keep up the rat race in publishing. The 'perishable' scientists, however, may give rise to the inverted U-shape which one comes across in so many cross-section productivity studies.
The efforts of science watchers to get a grip on the element of productivity are usually clouded by the uncertainty surrounding the concepts of 'product' and 'production' in science. Measuring productivity is going to be a haphazard affair, if it is not restricted to some definition of quality. Nobel laureates differ with respect to achievement measures and defining productivity along the lines of only one measure will put into question why some Nobel laureates received their prize in the first place. The most common measures are citations as measured by the Social Science Citation Index (SSCI) and the number of articles and books published. The ages registered in Table 1 enable us to discern at what age one started publishing creative ideas for which one later in life received the Nobel Prize, and at what age one started an academic (publishing) career. In addition to these ages, the age at which the laureates received their PhD is mentioned. Most of the ages summed up in Table 1 are surrounded by uncertainty since it is almost impossible to name only one publication which marks the breakthrough of an author, but in all cases the next best publication that comes to mind of each and every author is at most one or two years within distance. In case of the age at which one strikes the motherlode and at which one starts working on the prizewinning work I have used the reports of the Nobel Memorial Prize committee in marking the outstanding work and in most cases I have used the short autobiographies which laureates submit to the Nobel Prize committee once they have delivered their acceptance 4. In an appendix to this paper the complete list of publications is given. 5. The fact that both Dutchmen Jan Tinbergen and Tjalling Koopmans wrote their PhD at the age of 26 is also not an indication that things were better in the low countries. Tinbergen and Koopmans were both physics students and physics had at that time a much higher scientific standard than economics, which was still a young discipline with very few students. Their fellow colleagueas in economics restricted themselves to discussing topics in economic policy and monetary economics in the lingo of the German historical school or the Austrian school.
6. The Social Science Citation Index (SSCI) can, of course, not be used for every Nobel laureate as the older laureates face the disadvantage of the short SSCI-sample period, which starts in 1966 and which would distort the measurement of impact.
7 regretted the way his mathematical work turned out: "A lot of these mathematical models, including some of my own, are really terribly much in the air. They have lost their feet off the ground." (Klamer, 1989, p. 180) .
Instead of his efforts on general equilibrium analyses he found his book A Theory of Economic History, written at the age of 64, his best piece of work. In a conversation he admitted that he would even have preferred that the Nobel Prize had been awarded him for this book (Klamer, 1989, p. 175n) .
Despite these drawbacks, there are a number of stylized facts to be discerned from Table 1 . The most striking aspect of Table 1 is perhaps the young age at which most economists start publishing, although we hasten to add that it is not a necessary condition for future brilliance. Most laureates start publishing well before they have finished their dissertation. The latter finding may be a result of the fact that Europeans had in the past other standards with respect to writing a PhD. For instance, Coase and Stone finished their PhD at the ripe age of 44 and 41, respectively and two other English laureates -Hicks and Meade -have never even attained their doctorate and just started their career with their MA. The status of a PhD is also on the continent of Europe somewhat different: Reinhard Selten also wrote at the relative old age of 38 his dissertation in economics (although he had written a mathematics dissertation 7 years earlier), Gerard Debreu wrote his dissertation at 35 and his teacher Allais at 38. The age at which one writes a dissertation is therefore not going to be a good indication of future eminence. However, the age at which one starts doing Nobel Prize work, the 5 age at which at one earns international recognition and the age at which one has become a household name may very well be better indicators. One reason for distinguishing between these measures is that some laureates have received recognition well before they started their prize winning work. Notable examples are Tjalling
Koopmans who first studied questions of (simultaneous) estimation, later switching to operation research (or as is was called then: activity analysis) and optimal growth theory, work which earned him the Nobel Prize together with Kantorovich. Another fine example is Milton Friedman who is nowadays better known for his theories on consumption and money and not his earlier yet fundamental work on statistics.
A variable not mentioned so far is the age at which the Nobel economists wrote their last fundamental publication. In order to pinpoint the exact date of this publication the Nobel committee reports in conjunction with the citation rate of publications in order to determine the last fundamental hit. We would expect that 6 measurement of the last fundamental publication to be clouded by substantial uncertainty, because the younger laureates are still alive and publishing and have not in the least finished their career. Still, for the older 7. A possible disturbing factor -death at a relatively young age -does not come into play. The average life span of deceased laureates in economics is 82.2 years with 74 years (Kantorovich) as the shortest life span and 93 years (Hayek) as the longest life span.
8. Eliminating the extraordinary career of John Nash Jr. from the sample of younger laureates does not make a difference.
8 generation this variable might give some indication of the length of a creative working life.
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In Table 2 the contents of Table 1 are summarized as the average career of a Nobel economist, together with a test of generational differences. A number of elements stand out in Table 2 . Although most Nobel laureates go on publishing well beyond the year in which they were awarded the Nobel Prize, the quality of their publications seems to drop quite rapidly. On average they have contributed their last important publication five years before the Nobel recognition. There is however the possibility that this characteristic is an artefact. If the true age at which one publishes the last fundamental publication (67 years of the old generation) and at which one earns the Nobel Prize (63 years of the younger generation), then the conclusion of creative burnout before the Nobel date does not seem warranted. One can certainly make a case for the age of 67 as the true age at which one publishes the last fundamental piece of economics, since the old generation has completed its career either by passed away or -in the terminology of Beard -by entering the wooden decade of their career. The young generation is still actively engaged in the publishing game. To ascribe truth to the age of 63 as the year in which one generally earns Nobel recognition is a more doubtful affair since the age at which one receives a Nobel award for a particular idea does not seem to follow a clear trend. However, the fact that the younger generation finishes its motherlode publication five years earlier than the older generation makes recognition five years earlier than the older generation more likely. The recognition difference is however nine years, which still leaves four years unexplained. (a) Rejection of equality of generational means at 5% significance level; (b) idem at 1% significance level.
Besides the generational differences, the absence of differences between generations is perhaps a more important feature to note. The start in academic life remains remarkably stable over the two generations.
Economics, it should be stressed, is truly a young man's game. The domination of youth is even more clearly illustrated if we compare the age distribution of Nobel laureates in economics to those in chemistry, physics, and medicine/physiology, as in Table 3 . This table not only confirms Beard's Law that 70 percent of al the work of the world is done before the age of 45, in case of economics 80 percent of all Nobel work is done before the age of 45 and a 100 percent (!) of the genesis of the Nobel winning work can be traced before the age of 40. The science game in other disciplines does not appear to be so strongly tied to the efforts of young men as it does in economics, but it seems safe to say that also in other disciplines the chances of making a big discovery decrease quite rapidly once one is past the age of 45.
The existence of substantial differences across the various disciplines can to some extent be explained.
A priori one would expect such a difference to exist since the subject matter of the disciplines cited varies by the extent to which knowledge in a research field is codified. Codification is according to Zuckerman and Merton (1972, p. 507) is the "consolidation of empirical knowledge into succinct and interdependent theoretical formulations." Experience should be more of an asset in a less codified discipline or field than it is for the field in which scientists are led by some general ideas. Medicine and biology are typically fields in which the degree of empiricism is high and a priori one would expect the average age at which eminent scientists make their important discovery to be higher than that of, e.g. physicists and mathematicians. Stephan and Levin (1993, p. 396 ).
The evidence presented in Table 3 is startling to some extent as it suggests that economists work in a highly codified field, even more codified than physics. To a certain degree this statement is true if one restricts one's attention to general equilibrium theory and econometric theory. To begin with, a number of economists came in from the exact sciences, such as Frisch, Tinbergen, Koopmans, Kantorovich, Mirrlees, Nash, Allais, and they explicitly used the principles they learned in theoretical physics and mathematics to deal with economic questions. At that time, this strategy proved to be useful and it probably will prove to be useful today since it is an acknowledged fact that outsiders enjoy the benefits of looking at economic problems in an unorthodox fashion. However, being an outsider comes quite naturally if one starts a research career at an early age.
Without being fettered by the steps taken by intellectual predecessors young scientists or outsiders make fundamental contributions.
The bold statement that economics is just like physics is, however, blatantly wrong. As Robert Solow has put it recently: "the part of economics that is independent of history and social context is not only small but dull." (1997, p. 56) . Another reason is that economics as a science works differently. Sciences like 9. The average number of laureates for the Fields Medal in mathematics, a prize which serves a comparable function as the Nobel Prize, for the same period is 3.4. 11 mathematics and physics have enjoyed far more competition on clearly delineated research fields. Economic science is divided into ever smaller sub disciplines in which one or two giants dominate the field and this might give the impression that economics is a highly codified field (Frey and Eichenberger, 1997 , make a comparable observation). This difference in scientific practice is to some extent displayed in the average number scientists who are awarded the Nobel Prize. The average number of Nobel laureates who have to share the prize for the period 1969-1996 is 2.4 for physiology/medicine, 2.2 for physics, whereas the economists lag behind with an average of 1.4 laureates. There is another difference between economics and physics: in physics the value of 9 an idea is easier established than economics, and mainly for one big reason: physics deals with nature and economics with human nature, the latter is far more difficult to model and predict. This difference is also reflected in the age at which one is awarded a Nobel Prize. The average age for physicists is 52, whereas the comparable age for economists is 67. Or to make the difference even more clearer: the youngest economics 
But is Age that Important?
All Nobel laureates share the character trait of eminent scientists that they started their career at a relatively young age, and they generally started the work which earned them the Nobel Prize mostly in the golden age of life -the thirties. But, I hear the starlets cry, quite a large number of scientists started young and they never made the grade. Of course, one does not receive a Nobel Prize for being prolific, popular or for being a bright young man. Persons (or institutions) receive the Nobel Prize, who, in the words of Alfred Nobel, "during the preceding year, shall have conferred the greatest benefit on mankind." Although, the prize in economics is not a genuine Nobel Prize but a Nobel Prize sponsored by the Central Bank of Sweden in memory of Alfred Nobel, the award rules are the same. The statutes prescribe that "the Prize shall be awarded annually to a person who has carried out a work in economic science of the eminent significance expressed in the Will of Alfred Nobel drawn up on November 1927 , 1895 ." (Lindbeck, 1985 . But if age is not a good predictor of future creativity, what is? The literature on the sociology and economics of science comes up with a number of reasons. The three most important factors amount to the fact that: (i) Nobel laureates have networks which allows them to keep in touch with the frontiers of science; (ii) they focus on fundamental problems; and (iii) they have an independent mind. 10. For the record, 29 of the 42 breakthroughs were achieved in the US/Canada and 7 in the U.K.. In other words, 36 of the 42 ideas were achieved in the Anglo-Saxon World.
11. Of course, there might be a grain of truth in attaching some weight to networks in awarding prizes, since all living Nobel laureates participate in nominating candidates for the Nobel Prize. Considering the fact that of 12 Networks Economic science is not a matter of individual rationality, it is also a social and cultural matter. It is commonly perceived that networks matter in the dissemination of knowledge. For instance, Cox and Chung (1991) report that for the period 1963-1988 more than half of the contributions (i.e. 54 percent) in the top 20 economics journals was written by authors who graduated at the top three graduate schools: Harvard, MIT and Chicago.
Although this concentration is seen as evidence of favouritism, based on the fact that editorship of top journals is mostly in the hands of authors situated at these top institutions, this does not appear to be the case as recent evidence has come available. Laband and Piette (1994) show that editors use their professional connections to capture high-impact papers for publication. Smart and Waldfogel (1996) go even further by documenting editorial bias in favour of authors who are situated outside the top institutions. (7) 1. University of Chicago (5) 1. University of Chicago (7) 2. UK (5) 2. Colombia University (4) 2. LSE (4) 2. Carnegie-Mellon (4) 3. Russia (3) Harvard University (4) 3. Harvard University (3) MIT (4) 4. France (2) 4. Cambridge University (2) MIT ( 
Independent minds and writers
Thomas Mann once settled the question whether lone wolves are better by asserting: "Solitude gives birth to the original in us, to beauty unfamiliar and perilous -to poetry. But also, it gives birth to the opposite: to the perverse, the illicit, the absurd." Implicit in this statement is that two or more authors may circumvent the risk of making big mistakes, while the author taking on a scientific problem single-handedly enjoys the benefits of risk taking but also the perils, viz. becoming the fool of the scientific community. Most innovations are judged before publication by peers and is well-known the peer review system can make the error of discarding publications which are basically sound and innovative (see Shepherd, 1995) The surprising thing which jumps of the page of Table 1 is that most path-breaking publications are written alone, contrary to the trend in academia where co-authored papers have become the rule (Hudson, 1996) . To a certain extent this observation can be shaded by the selection of publications on which Table 1 13. It should also be stressed that an academic environment is not a necessary condition for initiating fundamental work. The RAND corporation and the NBER have proven in the past to be good breeding grounds for fundamental researchers.
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Hayek and Milton Friedman and one must admit that these publications were written single-handedly.
There is, of course, the problem that multi-authorship has become common working practice amongst economists in the past few decades. The Nobel laureates of Table 1 produced 90 percent of their most important work before 1970. The lone wolf-result is, however, not some outlier in the field of science studies.
Laband (1986) showed that of the 16 classic economic articles which appeared in 1974-1976 two were written by a team of authors (in both cases the coauthored papers were written by Sargent and Wallace), the rest of the top articles were solo productions. provides evidence of the distribution of important papers produced by the total population of Dutch economists. The majority of these publications (74 percent) was written alone and this result is remarkably stable across generations of economists.
It is, of course, an entire different matter who intellectually influenced these publications by conversation, debate or in writing letters and publications. There are a number of reasons why path-breaking papers were written alone. For one reason because a number of authors came from outside the field: Tinbergen, Kantorovich, Koopmans, Mirrlees, Arrow, Sharpe, Lucas, Selten, Nash and Allais. To collaborate with other fine minds was impossible for reasons of geographical distance or simply ignorance. Tinbergen was not aware of the probability approach as developed by Haavelmo in Harvard when he went on to apply his modelling work to economic policy. A second reason can be found in the stage of the economic science. The number of academic economists was a far smaller number than today. Furthermore, geographical distance is no longer an overriding burden with the emergence of fax machines and electronic mail. As shown by McDowell and Melvin (1983) , the growing number of economists to collaborate with partly explains the rise in multi-authored papers.
A third reason can be found in the literature on scientific productivity. Co-authorship is a way to increase productivity because knowledge depreciates as time passes by and economics has become more and more specialised and technical. The scientist who can genuinely say that he is a 'master of his subject', in other words, the economist who has a firm grip on the entire span of economic science, belongs to the days of Marshall, Pigou and Keynes. Furthermore, incentives in academia seem to be geared towards collaboration.
Liebowitz and Palmer (1988) report results of a survey of US department chairs that indicate that chairmen assign a weight to coauthored papers that exceeds 1/n (with n being the number of authors). There is, however, evidence which does not lend support to making the general statement that incentives are geared towards collaboration. Sauer (1988) found that there are substantial returns to quality in research, however, the 14. Scientists with a Jewish background seem to be relatively well-endowed with these character traits. An exceedingly large number of Nobel Laureates often turn out to be Jewish or of Jewish origin. 45 percent of the laureates in economics whose religion could be traced (31) were Jewish or of Jewish origin. This fact was noted earlier by Zuckerman (1977) who argued that a large part of the overrepresentation can be explained by selection. Others ascribe the overrepresentation to the fact that Jews have no strong ties to the culture of a country, their mind is more attuned to considering issues which exceed the particular. More plausible reasons are that Jews have strong family ties and networks and they stress the importance of higher learning.
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weight for coauthored work is not much different from 1/n. McDowell and Smith (1992) failed to reject the hypothesis of equal weighting for single and multiple authorship, but they did find that top institutions discount coauthorship more than lower ranked institutions. Perhaps these anomalous findings are related to the microeconomics of research collaboration. As Laband and Piette (1995) show, the production of influential publications typically involves similarly-aged colleagues with complementary skills (albeit measured by the cumulative stock of citations). The mentor-protege type of collaboration does in their opinion not prove to be very productive. Of course, productivity may not be much of a worry to a scientist if his reward is not explicitly or implicitly related to his scientific productivity. European universities have been known for the absence of such a relationship and the eminent scientists who made their mark achieved this out the most important incentive available to a scientists: pure curiosity. Needless to say, this system in which efforts were hardly monitored and in which appoints were made on the basis of who you knew produced also a considerable number of errors and only the research groups who enjoyed the guidance of researchers with a taste for talent and making connections could thrive (see, e.g. Klamer, 1996 and 1997) .
A fourth reason for this anomalous finding is the increasing degree of specialisation in economic science; a drawback which shows much resemblance with the welfare costs of specialisation in economic policy advice (cf. Swank, Letterie and Van . By splitting up the analysis of a complex phenomenon along the lines of each distinguishing element, information is lost which leads to a deadweight loss which can be circumvented by keeping the analysis in the hands of only one adviser or, in our case, researcher. This is not to say that specialisation is without benefits, but apparently the costs of specialisation in producing basic knowledge exceed the benefits.
Conclusion
Economics is a young man's game. Most economists achieve a breakthrough in academia in their twenties, hitting the motherlode of their efforts at the end of their thirties. The reason for this age-relatedness can be traced to the deeper character traits of the successful scientist. The average Nobel laureate is equipped with the following blessings: talent, an independent or an outsiders' mind , a love for risky projects, a nose for being 14 at the right place at the right time, the gift to see fundamental problems and, last but not least, luck. Luck, talent, vision and the seeking of kindred spirits and times are not necessarily tied to age, but with some imagination one can see why the young scientist has an advantage over the older scientist when it comes to taking risks and having a fresh mind. Of course, none of these elements form an instant recipe for success. It takes all sorts to push the frontier of economic science outwards and knowing where that research frontier lies and how it can be shifted defies the logic of creative science. "If you're so smart why don't you have a Nobel
Prize?" is perhaps the right question to ask. But even under the ideal circumstances of possession of a Nobel
Memorial medal does not give one the power to articulate the fundamental problems which will change a science. As Robert Lucas once answered this impossible question: "The research frontier? That's too hard a question. If I knew the answer, I'd be doing it." (The Region, June 1993) 
